Multilingual abstracts: Please see Additional file 1 for translations of the abstract into the five official working languages of the United Nations. Background: Currently, in Brazil, there is a co-circulation of the four dengue (DENV-1 to DENV-4) serotypes. This study aimed to assess whether different serotypes and antibody response patterns were associated with the severity of the disease during a dengue outbreak, which occurred in 2012/2013 in centre of Brazil. Methods: We conducted a prospective study with 452 patients with laboratory confirmed dengue in central Brazil, from January 2012 to July 2013. The clinical outcome was the severity of cases: dengue, dengue with warning signs, and severe dengue. The patients were evaluated at three different moments. Blood sampling for laboratory testing and confirmatory tests for dengue infection were performed. We performed a multinomial analysis considering the three categories of the dependent variable, as outlined above. The odds ratios (ORs) were calculated. A multinomial logistic regression model was applied for variables with a P-value <0.20. Statistical analysis was performed with STATA 12.0 software.
Background
The etiologic agents of dengue fever and dengue hemorrhagic fever (DF/DHF) are four serotypes: dengue virus (DENV)-1, DENV-2, DENV-3, and DENV-4, part of the dengue complex of the genus Flavivirus [1] . Dengue is a vector-borne viral disease considered to be a global public health issue due to an increasing incidence and its potential to cause epidemics and/or continuous viral circulation in most urban areas in tropical and subtropical regions of the world. In 2010, approximately 390 million dengue-infected individuals and 20,000 deaths were estimated worldwide [2] [3] [4] .
In Brazil, dengue has been reported yearly since 1986 being widespread from the Atlantic coastal area to other Brazilian macroregions. In 2000, 60% of the dengue cases reported in South America occurred in Brazil [5] . The Brazilian Surveillance System registered at least four dengue epidemics in 2002, 2008, 2010, and 2013 , with a predominance with a predominance of the serotypes DENV-3, DENV-2, DENV-1 and DENV-4 in each year, respectively. Currently there is a co-circulation of the four dengue serotypes after DENV-4 was reintroduced in 2010 [6] [7] [8] [9] .
Dengue presents with a range of symptoms, ranging from asymptomatic through to mild infection to severe illness with life-threatening outcomes. According to the disease progression, there are three clinical phases: the initial febrile phase from 1 to 3 days after the onset of symptoms, followed by the critical phase (4-7 days), and recovery or death. The majority of symptomatic cases progress to DF, considered to be the mild form of the disease.
Clinical classification of dengue has been a matter of extensive discussion in literature [10] [11] [12] [13] [14] [15] . The current classification reflects the severity of the clinical features namely DF, dengue with warning signs (DwS), and severe dengue (SD). It has been adopted by the World Health Organization (WHO) and the Brazilian Ministry of Health to guide clinical management [2, 16, 17] . The potential for increasing vascular permeability is the hallmark of severe disease progression [2, [18] [19] [20] . Other specific organ involvement such as skin, eye, musculoskeletal system, gastrointestinal tract, liver, kidney and genitourinary tract, heart, and respiratory system are part of the dengue clinical presentation [21] [22] [23] .
As the four serotypes are considered antigenically related but distinct, the previous immune status of the infected individuals plays an important role in disease progression [24] . In fact, several potential individual risk factors are implicated in dengue severity such as age, gender, immune status related to previous heterologous DENV infection, and co-morbidities, among others [24] [25] [26] [27] [28] . Most of the current literature is from Southeast Asia, where the DENV has been circulating for longer time (several decades). In this sense, there is a greater opportunity for research due to the distinct epidemiologic scenarios related to virus circulation and the immunity of the population in many endemic regions [29] [30] [31] [32] .
In a previous study, we explored the effects of viremic levels of type of infection, primary and secondary, in relation to the severity of the disease in the adult population during a DENV-3 epidemic in early 2000 in central of Brazil [21] . Here, we present a clinical cohort of dengue patients recruited during a DENV-4 outbreak in 2013, which had the largest reported number of incident cases (2233 suspected cases per 100,000 inhabitants) at state level (Goiás, central Brazil) [33, 34] . This was the first time that a simultaneous co-circulation of the four dengue serotypes was detected regionally. This scenario represents an opportunity to explore the immune status of the population, serotypes, and other potential risk factors related to severe disease progression.
The aim of the current study was to assess whether different serotypes and antibody response patterns were associated with the severity of the disease during a dengue outbreak in 2012/2013 in central of Brazil.
Methods

Study design and setting
We recruited 632 clinically suspected dengue cases, out which 452 (71.5%) were laboratory confirmed dengue cases. We conducted a prospective study of these laboratory confirmed dengue patients recruited at three healthcare units and four hospitals in the city of Goiânia (1.4 million inhabitants; Instituto Brasileiro de Geografia e Estatística, 2013), central Brazil, from January 2012 through to July 2013. We recruited patients who attended dengue reference centres established by the Secretariat of Health to deal with the referral of patients during the dengue outbreak in a timely manner. All recruitment sites had clinical expertise and operational capability to provide day healthcare monitoring and intravenous fluid replacement for suspected dengue cases (see Additional file 2).
The study site is a dengue endemic region where dengue incidence peaks during the rainy season (December to March). The dengue virus circulating in this region since 1994, when the official surveillance system detected DENV-1 serotype. During the next two decades, other dengue serotypes were introduced regionally according to the following temporal sequence: DENV-2 (1998), DENV-3 (2002) , and DENV-4 (2011). Currently, the four dengue serotypes co-circulate in central Brazil [6, 34, 35] . The incidence of dengue disease was approximately 4500 cases per 100,000 inhabitants in the study setting in 2013. This figure is the highest rate of incidence since dengue was detected in the region, in 1994.
Eligibility criteria and follow-up procedures
Inclusion criteria were laboratory confirmed dengue cases. The virologic and serologic tests for dengue diagnosis were: NS1 antigen positive test and/or detection of serotypes by multiplex polymerase chain reaction (PCR) and/or immunoglobulin M (IgM) serologic positive result by antibody capture enzyme-linked immunosorbent assay (MAC-ELISA).
Exclusion criteria were clinically suspected dengue cases with communication impairment, residents living outside city boundaries, and those with restrictions to comply with follow-up procedures. We also excluded outpatients who did not remain in health facilities for clinical management or monitoring.
Independently of this study protocol, local clinicians were responsible for all management decisions relating to routine health attendance, following the official guidelines [16] .
Clinical outcome
The clinical outcome was the severity of dengue cases defined as DF, DwS, or SD [2] . Two infectious disease doctors classified the dengue cases at the end of the follow-up period.
Screening procedures at baseline
We screened patients with clinically suspected dengue independently of their age. We examined outpatients who were receiving intravenous fluid replacement and hospitalized patients. After informed consent was given, trained researchers obtained demographic information and clinical history, and performed medical examinations using standard case report forms. In addition, we collected an initial blood sample for diagnostic laboratory confirmation (t1).
Follow-up
Follow-up visits were scheduled: during the early convalescent phase ≥7 days after the onset of symptoms (t2); and late convalescent phase at 30-45 days after the onset of symptoms (t3). In addition to the clinical examination, we collected blood samples for dengue monitoring, adhering to the same intervals.
For outpatients, the duration of follow-up was the time lag between the first and last blood collections (t2 or t3) performed during the convalescent phase of the disease. The duration of follow-up for hospitalized patients was defined as the period from the first medical visit to either the discharge date or death.
Data collection
We collected sociodemographic characteristics, such as age, sex, socioeconomic status, education, previous dengue episodes, and key warning signs of illness (e.g., hypotension, intense abdominal pain, and significant bleeding), from the patients.
Dengue classification
We used the current dengue classification guidelines recommended by the Dengue Control Program (Brazilian Ministry of Health, 2009), with the recommended WHO classification [2] , as:
The disease may manifest as a nonspecific febrile syndrome including the presence of acute febrile illness and two of the following symptoms: headache, retro-orbital pain, myalgia, arthralgia, rash, or hemorrhagic manifestations. DwS: The patient may present with persistent and severe abdominal pain, persistent vomiting, fluid accumulation, mucosal bleeding, altered mental status, hepatomegaly, and progressive increase in hematocrit. SD: Defined by one or more of the following: (i) shock from plasma leakage, fluid accumulation with respiratory distress, or both, (ii) severe bleeding as evaluated by a clinician, or (iii) severe organ involvement; liver: aspartate aminotransferase (AST) or alanine aminotransferase (ALT) > 1000; central nervous system: impaired consciousness; and injury heart and other organs.
Definition of variables
The first seven days after the onset of symptoms denote the acute phase of illness. We defined illness "day 1" as the day of the onset of symptoms. Patients receiving day care were those patients who stayed in the hospital for intravenous fluid replacement for 24 h. Ambulatory patients were patients who attended ambulatory care units and required clinical monitoring and/or intravenous fluid replacement for <24 h.
Laboratory procedures
Blood samples (10 ml) were collected at the initial clinical visit and at follow-up visits. Samples were prepared and sera were cryopreserved according to biosafety guidelines in freezers at −20°C for serological tests and −80°C for molecular tests, at the research centre (Laboratory of Molecular Biology and Immunology of Infectious Diseases) of the Institute of Tropical Pathology and Public Health, Federal University of Goiás, central Brazil.
During the baseline and follow-up visits, unspecific laboratory tests were also performed for all eligible patients, including hematocrit, platelet, AST, ALT, and albumin. The reference values for normality were a serum AST level of 50 U/L, a serum ALT level of 41 U/L, and an albumin level of 3.5-5.0 g/dl. Tests were performed at the Rômulo Rocha Laboratory, Faculty of Pharmacy, Federal University of Goiás, independently of the laboratory routine procedures followed at the healthcare units.
Serological tests
Acute and convalescent-paired sera were tested using the Dengue IgM Capture ELISA (Panbio®, Brisbane, Australia) and Dengue IgG Indirect ELISA (Panbio®, Brisbane, Australia) commercial kits. A NS1 antigen test was performed at baseline (Platelia™, Bio-Rad, California, USA). All tests were conducted according to the manufacturers' instructions.
Molecular tests
The serotypes were identified by protocol, which includes viral RNA extraction using the QiAamp® Viral RNA Mini Kit (QIAGEN Inc., Germantown, MD, EUA). The complementary DNA (cDNA) was obtained by reverse transcription (RT) at 40°C for 60 min with 10 μl of viral RNA and a mix containing 10 mL random primer and 50 U/ μl reverse transcriptase (Applied Biosystems™ High-Capacity cDNA Reverse Transcription Kit, Applied Biosystems, MA, USA).
The viral typing was performed by cDNA amplification using consensus primers (D1 and D2) for the four serotypes of DENV, the complementary sequences of the genes encoding the C and prM proteins. For the amplification of viral RNA the thermocycler SwiftTM Maxi Thermal Cycler (ESCO Technologies, OR, USA) was used. Then, the seminested specific primers TS1, TS2, TS3, and TS4 were used to detect each serotype of DENV, from 1 to 4 Lanciotti et al. [36] . The bands were visualized on 1.2% agarose gel using a transilluminator (UV Transilluminator, MUV Major Science, CA US).
A primary infection was defined by detecting IgM antibodies and/or nucleic acid and/or antigen NS1 in acute serum samples and seroconversion of IgG in the convalescent phase. A secondary infection was defined by detecting IgG antibodies in acute serum samples of patients with laboratory confirmed dengue.
Data analysis
Initially, we applied descriptive statistics to assess the distribution of the variables in order to characterize the study population. The chi-square test and t-test were applied in order to verify statistical differences between categorical or continuous variables, respectively. We performed a multinomial analysis taking into account the three categories of the dependent variables (DF, DwS, SD) to calculate the association between the outcomes and the independent variables, considering DF as the reference. The odds ratios (ORs), with their respective 95% confidence intervals (95% CIs), and the P-values (chi-square test) were calculated. Variables that presented with a P < 0.20 in association with the outcome were eligible for the multivariate analysis. We applied a multinomial logistic regression model to adjust ORs for sex and age as a continuous variable. The software used for the multinomial analysis was STATA version 12.0 (StataCorp LLC, TE, USA). 
Results
Of the 632 symptomatic dengue cases clinically and laboratorially screened at baseline, 452 (71.5%) were diagnosed as dengue confirmed by specific serology and/or viral detection (see Fig. 1 ). Table 1 presents the clinical and epidemiological data according to case ascertainment. In both groups (dengue confirmed and symptomatic cases), the majority of patients (~80%) were adult and approximately half were females. Approximately 75% of the patients were recruited in ambulatory settings and reported previous medical visits during the acute phase of the disease. Adult population comorbidity was similar between the groups.
At baseline, the RT-PCR (53.8%) and NS1 (40.4%) tests yielded higher positive results compared with IgM serology (25%) during days 1-3 after the onset of symptoms. In contrast, higher frequencies of IgM positive results (68%) were detected seven days after the onset of symptoms versus RT-PCR (15.6%) and/or NS1 (25.5%) results (see Fig. 2) . Table 2 presents the main clinical and laboratory findings of confirmed dengue patients stratified by age group. At baseline, the most frequent symptoms reported were fever (100%), headache (~80%), and prostration (~90%), and these were similar among the age groups. Approximately 65% of patients presented with a cutaneous rash and approximately half reported vomiting at baseline. During the course of the illness, higher frequencies of signs and symptoms were observed among children, such as spontaneous bleeding (47.6% versus 26.6% among adults). In addition, intensive abdominal pain, effusion, and ascites were predominant among children as compared to adults, and a statistically significant difference was observed between the age groups. Children had a higher frequency of primary infection (39.4% versus 22% among the adult population), which was a statistically significant difference. Of the 452 patients surveyed, they were classified as Dengue Fever 188 (41.6%), Dengue with Alert Signs 238 (52.6%) and Severe Dengue 26 (5.8%). The DENV serotypes were identified in 243 (53.8%) out of 452 patients, tested by RT-PCR. DENV-4 was the predominant serotype, detected in 135 (55.6%) patients, followed by DENV-1 in 91 (37.4%) patients. DENV-3 and DENV-2 were detected in 13 (5.3%) and 4 (1.6%) patients, respectively (see Table 3 ).
Among the 26 cases of SD, nine had the DENV serotypes identified and all were infected with DENV-1; comprising five males and four females, aged seven to 57 years (median: 43 years). Descriptive analyses by serotype showed similar age and gender distributions of the patients infected with serotypes DENV-1 and DENV-4; the majority of patients were adults and approximately half were females. Each serotype included a large range of clinical forms and biological variations (data not shown).
Patients with a detectable DENV-1 serotype were more prone to present with several clinical and laboratory features as compared with DENV-4 patients, including spontaneous bleeding (DENV-1: 33.0% versus DENV-4: 20.0%; P = 0.03); intense abdominal pain (DENV-1: 29.7% versus DENV-4: 14.1%; P = 0.004); neurological symptoms (DENV-1: 6.7% versus DENV-4: 2.2%; P = 0.09); and thrombocytopenia (DENV-1: 33.7% versus DENV-4: 18.2%; P = 0.01). The immune status measured by primary or secondary infections were available for 202 patients (DENV-1 or DENV-4). Secondary infection was more predominant among DENV-4 cases (80.0%) compared with DENV-1 cases (62.3%), a statistically significant difference between the serotypes (P = 0.03). Table 4 presents the results of the multinomial analysis (the association between the antibody response pattern, study. The multinomial analysis showed that SD cases with secondary infection had an adjusted OR of 2.80 (95% CI: 0.78-10.00; P = 0.113) compared with DF patients with primary infection, when adjusted for age and sex (see Table 5 ).
Discussion
Our results show differences in the clinical features of dengue patients infected during a large DENV-4 outbreak in central of Brazil. Children presented higher frequencies of several warning signs of disease severity such as spontaneous bleeding, intensive abdominal pain, and neurological symptoms when compared to adults. Secondary infections were more prone to occur in the adult population, however, more than 60% of the children and almost 80% of the adult patients in this study were found to have a previous dengue infection, highlighting the high DENV circulation in the region. Few studies have compared clinical features and laboratory abnormalities in the pediatric age group and adults in Brazil [37, 38] . A study conducted in the same region in 2005 showed that secondary infection was not a predictor of severe clinical manifestation in adults infected with the DENV-3 serotype [21] .
In a prospective clinical study conducted in the same city in 2000, we found that mild cases of dengue were predominant among adults [21] . In this study, we classified the majority of the pediatric and adult patients as having DwS, followed by DF, and a few cases of SD. This distribution reflects the clinical characteristics of dengue patients treated at reference day clinics and hospitals during the 2012/2013 epidemic. It does not resemble the entire cohort of dengue patients, as most of the cases were milder cases classified as DF, as according to the surveillance system (SINAN, 2012/2013).
It is important to note that all patients classified as having SD were infected with DENV-1 and none were infected with DENV-4. However, we are aware that our sample size relating to the severe form of the disease is too small to draw a conclusion. Interestingly, the historical data outlined by Hastead in the early decades of dengue epidemics regarding differences in clinical manifestations of DENV-1 and DENV-4 serotypes in Southeast Asia similarly describe DENV-1 as being more prone to cause severe cases as compared with DENV-4 [39] .
In our study, we found a high percentage of undetectable viremia among severe cases. Dengue patients may progress to severe disease during the defervescence period, which is the period of hospital admission and recruitment that is beyond the viremic period [21] . We are aware that this could represent a potential selection bias in the recruitment of severe cases.
One of the strengths of this study was the recruitment of dengue patients approximately two years after the introduction of the DENV-4 serotype in central Brazil. In this context, it is likely that the majority of the population in the study area was naïve to DENV-4, which explains the current outbreak with the predominance of the DENV-4 circulation. In fact, DENV-4 had been previously isolated in nine patients in the neighbouring state of Mato Grosso do Sul in 2012. The authors had warned about the potential for outbreaks due to the introduction of the DENV-4 serotype in a susceptible population to this serotype in central Brazil [40] .
Another strength of our study is that we recruited patients in several ambulatories and hospital settings within the region. However, our study population included only patients living in one city and the results may not be generalizable to rural areas or other regions of the country.
Comparison of clinical manifestations, antibody response patterns, and severity of the disease were restricted to the DENV-4 and DENV-1 serotypes, as few patients had detectable DENV-2 or DENV-3 serotypes in this study. These findings are concordant with the official laboratory system in charge of DENV surveillance regionally. It is interesting that the DENV-2 serotype had not been predominantly registered by the viral surveillance system in the last two decades in the study area [35] . We are aware that according to the period when the blood samples for serological tests (IgM or IgG) were collected, this may yield negative or positive results, which could lead to the misclassification of primary and secondary infections.
Conclusions
In summary, the present study shows the incidence of SD among pediatric and adult patients in the first registered DENV-4 outbreak in central Brazil. To our knowledge, this is the first prospective clinical study to compare DENV-1 and DENV-4 patients in relation to antibody response patterns and severity of the disease. Our findings contribute to the understanding of clinical differences and immune status related to the serotypes DENV-1 and DENV-4 in central Brazil. 
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